General structure of saving-investment cycle and the effectiveness of this structure are included in the most significant issues of the financial system. One of the points of intervention in providing an effective saving-investment cycle is possible through channeling the savings toward optimal investment fields. This study aims at detecting the existence of alternative methods in determining optimal selection combination in the risk and revenue perspective of individual and corporate investors who would like to evaluate their savings in capital markets. For this purpose, the applicability of Fuzzy TOPSIS method, one of the multi-criteria decision making techniques in optimal portfolio selection was researched. The applicability of the stock investment alternatives ranked according to Fuzzy TOPSIS method was examined by comparing them to the optimal selection results determined according to Markowitz, one of the modern portfolio management techniques. In the study where performance indexes were used as assessment criteria the results of both methods were discussed in terms of risk at a certain revenue level and revenue at a certain risk level through Johnson and Sharp Indexes. The results obtained determined that the Fuzzy TOPSIS portfolio alternatives created using Fuzzy TOPSIS method revealed quite positive results in terms of performance, revenue and risk and pointed at applicability of Fuzzy TOPSIS method in optimal portfolio selection as well.
Introduction
Lexical meaning of investment is "the money invested into an income-generating movable or immovable property" (http://tdkterim.gov.tr/bts/). As can be understood from the definition, to generate income, the deposit should be attached to an asset. Today, increased variety of options that the investors can attach their deposits to helps decrease the risks they face. Securities, which is one of these options, are now among the main investment instruments through which investors can use their deposits, obtain income, and distribute the risk by diversification. In this context, obtaining the desired return is closely related to the determination of the securities that will provide the highest return, or to the creation of an optimal portfolio that includes these securities.
The optimal portfolio is the choice of the security component that will provide the highest return at a certain risk level that the investor can bear. The portfolio selection that constitutes the decision phase of how an investor will distribute his or her wealth in a securities basket is a technical process that constitutes the third stage of portfolio management. The only determinant of the process is based on return and risk comparisons. Portfolio selection, which has become one of the most important area of study in modern finance, is referred to in the literature as Modern Portfolio theory, which is based on the pioneering work of Markowitz and Sharpe (Solimanpur et al., 2015; Ceylan & Korkmaz, 1998) . The basic assumptions of the theory can be summarized as follows (Konuralp, 2005; Yoruk, Optimal portfolio selection in modern portfolio management, in which the relationship between the securities becomes prominent in terms of hedging, is mathematically calculated by quadratic programming and is called "effective portfolio". Effective portfolios represent securities that have the highest return at the same risk level or that have the lowest risk at the same return level. The curve showing the effective portfolios at different risk and return levels is defined as the "Effective Boundary" and each security component along that boundary represents the optimal investment component for the investor (Karan, 2011) .
Considering everything explained up to here, it is understood that to form an optimal portfolio and/or to select the securities to form an optimal portfolio is a decision process that is shaped primarily by risk and expected return. Cognitively, decision is defined in the Turkish Dictionary of the Turkish Language Society as "the definite judgment reached by thinking about a job or a problem" (http://tdkterim.gov.tr/bts/); whereas in terms of business management, decision is defined as "the choice the manager or any other person makes in any subject" (Kocel, 2005) . In essence, the gist of decision making is the pursuit of; "choosing the most suitable or the most appropriate one among the choices after thinking thoroughly on a subject" (Ulgen & Mirze, 2010) . Similar to all decision-making processes, there are many alternatives for investors who are also decision makers in the selection of optimal portfolios, and there are quite a number of decision criteria that can be used to evaluate these alternatives. No doubt, within the scope of this study, what is meant by alternatives is the securities, and what is meant by decision criteria is the financial ratios.
Particularly in the field of business management, techniques called multi-criteria decision making methods are frequently used by researchers for solution, when there are a large number of decision criteria and also problems about decision making that require consideration of a large number of alternatives. Some of these techniques only allow the use of the quantitative data whereas some allow the use of both qualitative and quantitative data. Among these techniques TOPSIS, which is one of the traditional multi-criteria decision making methods, focuses on identifying and choosing the alternative that is farthest from the negative ideal solution and closest to the positive ideal solution (Deng et al., 2000) ; it is a ranking methodology developed by Hwang and Yoon in 1981 (Hsu et al., 2015) ; and it comprises 6 steps, which are: calculating the normalized decision matrix, calculating the weighted normalized decision matrix, determining the positive and negative ideal solutions, calculating the distribution measures, calculating the proximity to the ideal solution, and the decision criteria should be measurable and comparable (Chen & Hwang, 1992) .
Traditional multi-criteria decision making techniques, which also include TOPSIS, can be inadequate for the types of problems encountered in real life. While this inadequacy can be due to the use of linguistic expressions by those who are at the position of decision making in the evaluation of alternatives or decision points, it can also be due to the classical logic based resolution algorithm of traditional multi-criteria decision making techniques. To eliminate these deficiencies, when evaluating the decision points based on the decision criteria, in addition to use linguistic expressions such as "very poor", "poor", "medium poor", "fair", medium good", "good" and "very good", the use of fuzzy logic instead of classical logic can provide great convenience to the researchers at the point of resolution. While linguistic expressions are highly advantageous when decision criteria have subjectivity or where past experience of decision makers is important for evaluation, the use of fuzzy logic shows a structure suitable for problems encountered in real life by allowing some relationships that can not be included in the membership function according to classical logic to be included in the solution process (Chen, 2000) .
In the Fuzzy Logic Theory developed by Luftu-zade in 1965 (Altas, 1999 , contrary to classical logic, a member's membership relation to the relevant set is determined using a scale that includes intermediate values or expressions instead of definitive values or expressions, and the probability of occurrence of fuzzy states can be determined (Vural, 2002) . Since the fuzzy logic is more useful than classical logic and the expertise, past experience and future expectations of decision makers must be taken into consideration in order to solve the type of problem handled in this study, Fuzzy TOPSIS method, which includes the superior aspects of fuzzy logic and traditional TOPSIS method, is used.
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International Journal of Economics and Finance Vol. 9, No. 10; 2017 Fuzzy TOPSIS method has been used to solve many different problems in the field of business management. In this context, before explaining the algorithm of the method, summary of some of the studies in which Fuzzy TOPSIS was used is provided in Table 1 . 
Mathematical Form of Fuzzy TOPSIS Method
Although basic stages of the Fuzzy TOPSIS method is the same as the traditional TOPSIS method, its requirement of some special calculations in terms of mathematics makes it slightly operationally complicated. The main stages of the method are presented below in a manner similar to the studies previously shown in Table  1 .
Stage 1: In the first phase, the "d" number of decision makers, an ensemble of the group of experts, decision criteria, and identification of alternatives must be defined. In this context, a group of decision makers was formed. "j" represents decision criteria, "i" represents the alternatives; and of 21 decision criteria, 15 alternatives were chosen to be used. According to this, = (1, 2 ,3), = (1, 2, … , ) and = (1, 2, … , ).
Stage 2:
In the second stage, the linguistic variables necessary for the weighting of the criteria and for the evaluation of the alternatives according to the criteria should be determined. The linguistic variables to be used in this context and their corresponding triangular fuzzy numbers are determined and shown in Table 2 . Stage 3: In the third stage expert opinions are collected for the weighting of the criteria and grading the alternatives.
Stage 4: In this stage, the weights of the criteria and the importance ratings of the alternatives according to the criteria are calculated by the mathematical formulas shown in equations (1) and (2) respectively. In the equations, "d" represents the experts, "i" the alternatives, and "j" the decision criteria ( = 1, 2, 3; = 1, … , = 1, … , ).
Stage 5: In the fifth stage, fuzzy initial decision matrix indicated as "S" and fuzzy weight decision matrix indicated as "H" are generated.
Stage 6: In the sixth stage, a normalized decision matrix, represented by equation (5), is generated. Here, = ( , , ) is a triangular fuzzy number and "F" represents a benefit, "M" represents a cost:
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̃= ( In the seventh stage, weighted normalized fuzzy decision matrix represented as "̃" and shown in Equation (6) is formed.
In this equation (6): 
Stage 9: The relative distances of each alternative from the values of FPIS and FNIS are calculated with the help of Equations (9) and (10), respectively. In the equations, (. , . ) represents the distance between two triangular fuzzy numbers (Chen, 2000; Ecer, 2006) .
Stage 10: The proximity coefficient (PC) for each alternative is calculated by the formula shown in Equation (11) and the alternatives are sorted according to the proximity coefficients.
An Application for Optimal Portfolio Selection
In this part of the study, a pool of all stocks offered by various brokerage houses for investors was created, then the common stocks were selected and sorted according to the Fuzzy TOPSIS method. A portfolio was created according to the ranking, and the performance of the portfolio was determined and compared with the performance of the portfolio constructed according to the traditional portfolio theory. In this way, the applicability of Fuzzy TOPSIS method in optimal portfolio selection has been tried to be determined.
Ranking of Alternatives According to Fuzzy TOPSIS Method
The general view of the optimal portfolio selection problem, which is to be solved by the fuzzy TOPSIS method, is as shown in Figure 1 ; and according to the Fuzzy TOPSIS Method algorithm presented in section two, the solution is shown stage by stage.
International Journal of Economics and Finance Vol. 9, No. 10; 2017 Figure 1. The usege of the optimal portfolio selection in fuzzy TOPSIS method
Stage 1: Due to the method's essence, a decision-maker group must be formed from those who are experts in stock investments. In this context, investment advisors who are experts on stock investments in portfolio management companies and people who are also experts in these areas have been requested to provide their evaluations. A three person decision making group consisting of two expert portfolio managers and one academician who received a favorable response on the basis of the negotiations was established. Therefore, the number of decision makers constituting the basis of this stage, (d), was determined as 3. After the formation of the decision making group, the final decision on the criteria determined according to the literature was made on the basis of the interviews with the decision makers. In this context; The main explanatory variables of the stock were grouped under five main headings as "basic expression variables for stock", "financial ratios", "risk", "return" and "expectation" and a total of 21 sub-decision criteria grouped under these main headings were determined. Following this, the stocks that are common among the stocks recommended by the brokerage houses, that is, 15 stocks recommended by all brokerage houses, were determined as the decision points, or in other words, as alternatives. ARCLK  A1  KOZAL  A6  MGROS  A11  EREGL  A2  TAV HL  A7  ENKAI  A12  TUPRS  A3  AEFES  A8  PETKM  A13  TTKOM  A4  AKSA  A9  TEKFN  A14  BANVT  A5  FROTO  A10  SELEC  A15 Stage 2: After establishing the decision making group, determining decision criteria and alternatives, appropriate linguistic variables and their corresponding fuzzy numbers have been determined to evaluate the criteria and alternatives. At this stage, Chen's study has been accepted as a reference, and the linguistic variables used in Table 2 previously mentioned in the second chapter and their corresponding triangular fuzzy numbers are shown.
Stage 3: In this stage, opinions of experts on decision criteria and points were collected through linguistic variables shown in Table 2 .
Stage 4: In this stage, the weight of the criteria and the significance ratings of the alternatives are calculated using the formulas shown in equations (1) and (2), where the algorithm of the Fuzzy TOPSIS method is shown.
The linguistic evaluations that experts use for decision criteria and alternatives were fuzzed using the triangular fuzzy numbers shown in Table 2 . The calculations for fuzzing the linguistic variables are shown in Tables 5 and  6 below only for decision criterion (C1) and decision point (A6), respectively. Determination of the Degree of Importance of "A6: Koza Gold Decision Point" According to "C1: Price / Profit Rate" and Fuzzing: ̃6 1 = (5+1+7)/3 = 4.3333;
̃6 1 = (7+3+9)/3 = 6.3333;
̃6 1 = (4.3333; 6.3333; 8.0000)
Stage 5: In this stage, the fuzzy decision and fuzzy weight matrices are shown by equations (3) and (4) at the part where the algorithm of Fuzzy TOPSIS method is. The fuzzy decision matrix, represented by, ̃ is not shown because it was too large. The resulting fuzzy weight matrix is shown in Table 7 . Stage 6: In the sixth stage values normalized based on the fuzzy decision matrix were calculated and normalized fuzzy decision matrix, shown in equation (5) at the part where Fuzzy TOPSIS method algorithm is, was generated. The normalized fuzzy decision matrix cannot be shown due to its size; only the normalization process of "A6: Koza Gold" decision point according to "C1: Price / Profit Rate" was given below. Stage 7: In this stage, the weighted normalized fuzzy values were calculated using the normalized fuzzy decision matrix generated in the sixth stage, and a weighted normalized fuzzy decision matrix represented by ̃ in Equation (6) was generated but could not be shown due to its size. As an example of the calculation of the weighted normalized values, only the weighted normalization process of "A6: Koza Gold" alternative to "C1: Price/Profit Rate" was shown.
Calculation of Weighted Normalized Value of "A6: Koza Gold" Alternative by "C1: Price / Profit Rate": Stage 9: In this stage, at the part where the algorithm of the method is explained, the distance of the decision points to FPIS values represented as ( * ) in Equation (9) and FNIS values represented as ( − ) in Equation (10) were calculated and shown in Table 10 .
Stage 10: The distances calculated with the formulas in Equations (9) and (10) are used in the formula shown in the formula depicted as equation (11) in the part where the algorithm of the method is included and the proximity coefficient of each decision point was calculated (PC i ). The calculation of the proximity coefficient of the "A6: Koza Gold" decision point alone is shown below; calculated proximity coefficients of other decision points and the ranking based on these coefficients are given in Table 10 .
PC 6 = 9.15/(8.26+9.15) PC 6 = 0.5255 In Figure 2 , the ranking of decision points according to the proximity coefficients is shown in graph. MGROS > BANVIT. In addition, the results revealed that the decision makers consider the criteria C5, C18, C1, C6 and C17 significant when evaluating the stocks. Ranking of the 21 decision criteria in their order of importance according to the decision makers is shown in Table 11 . 
Portfolio Creation According to the Ranking Obtained from the Fuzzy TOPSIS Method
While creating the portfolio based on listings of the investment recommendations of the brokerage houses determined in accordance with the Fuzzy TOPSIS method, in order to calculate the diversification and weights of the stocks to be included in the portfolio, PC i value of each stock has been deducted from Average PC i Based on these differences, the alternatives of bipartite, tripartite, quadripartite stock certificates that are the basis of diversification are determined. Portfolio weights of each alternative are calculated as a percentage of these differences. The determined portfolios and the weights of their components are shown in Table 12 . Vol. 9, No. 10; 2017 Return: Is the percentage change in the stock certificate within a certain period and is calculated by the formula +1 − 1. Return calculation is to determine the net capital gain or loss that the stock investment shows.
Portfolio Return: The future course of financial assets is based on the assumption that it will exhibit its past performance and refers to the weighted average of the expected return of a stock certificate by its proportion in the portfolio. The formula used in the calculations is shown in equation (12) (Aksoy & Tanrıoven, 2007) .
Risk: Risk is the probability of facing an undesired event or effect in the future and represents the standard deviation that shows the probability of having less return than expected. The formula used in the calculations is shown in equation (13) (Aksoy & Tanrıoven, 2007) .
Here , represents the risk of portfolio, , represents the variance of the returns of the i'th stock, and , represents the covariance between i and j'th stocks.
Alpha Coefficient: It is a coefficient that measures the non-systematic risk of the price movement of securities and shows the return relative to the risk. If it is less than zero, it indicates that the expectation was smaller relative to the risk taken; if it is equal to zero, it indicates that the return is equal to the expectation relative to the risk; if it is larger than zero, it indicates that the return is higher than expectation relative to the risk taken.
The alpha coefficient, which is essentially regarded as a criterion of non-systematic risk, has an important place in modern portfolio theory due to its ability to be maintained by diversification. Because, in the portfolio selection, the Alpha coefficient is a measure of the contribution of the selection to the portfolio and has a linear correlation with the portfolio performance and is considered as an indicator of portfolio performance (Reilly & Brown, 2012) .
Beta Coefficient:
The beta coefficient is used to compare the market risk and stock certificate risk, and is a measure of volatility and systematic risk. The beta coefficient, which represents the slope of the regression line, is the ratio of the covariance of market return and stock return to the variation of market return and is calculated by the equation (14) (Ross et al., 2005) 
Sharpe Ratio: It assumes that there is a linear relationship between all securities and the market in which they are traded. Thus, the relationship between security and market is represented as a simple linear regression line. This performance criteria, claimed by William Sharpe who considered portfolio risk, has a simple applicability and is widely used in performance evaluation. The Sharpe Ratio, which is one of the risk-adjusted performance measurement techniques, is the ratio of the risk premium defined as the difference between the expected value of the portfolio and the risk-free interest rate to the standard deviation of the portfolio, and is calculated based on equation (15) (Sharpe, 1966) .
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Portfolios, components and portfolio risk, return and performance calculation results based on Fuzzy TOPSIS method are presented in Table 13 -17. Vol. 9, No. 10; 2017 In the study performed towards the applicability of Fuzzy TOPSIS method in selecting the optimal portfolio, the data of the bipartite portfolio formed according to Fuzzy TOPSIS for a comparison along the perspective of risk, performance and return according to the modern portfolio theory by Markowitz, which is widely accepted in finance literature, are presented in Table 13 . The portfolio, which had a return of 0.1191%, had a risk of 1.7327%, its Beta value was 0.7943 and Alpha value was 0.0830%. Although the calculated values are theoretically acceptable, but for the requirement of proving its applicability in the literature, it would be more appropriate to compare them with the results of the portfolio component of Table 19 , which is determined according to Markowitz's and gives the portfolio component at the same risk level. After the calculations to be performed based on Markowitz, the comparisons are made under the title Portfolio Evaluation and Comparison. Table 14 presents the risk, return and performance indicator data for the portfolio and the component of the tripartite portfolio calculated based on Fuzzy TOPSIS. According to the indicator data of portfolio components generated, portfolio return is 0.1186% and its risk is calculated as 1.5807%. Its values in terms of performance are a Sharpe ratio of 0.0595 and an Alpha value of 0.0827%, and acceptable. However, for the applicability of the method in selecting the optimal portfolio, comparison with Markowitz's portfolio components is an iterable requirement. In Table 15 , data of the four component portfolio formed based on Fuzzy TOPSIS are presented. The portfolio formed has a return level of 0.1126% and its risk is 1.5429%. In terms of performance criteria, the resulting 0.0570 Sharpe Ratio indicates a good efficiency. In Table 17 , portfolio data based on 6 stocks formed according to the Fuzzy TOPSIS are presented. The risk of the portfolio, which has 0.1034% income, is 1.4397%. Portfolio outcomes, which reveal efficient results in terms of performance values, suggest the method's applicability in the selection of optimal portfolio. Besides all these explanations, as can be seen in the portfolio components determined based on Markowitz Model, diversification effect is in parallel with its negative correlation with return and risk.
Evaluation and Comparison of Portfolios
Evaluations on different portfolio alternatives formed via Fuzzy TOPSIS Method will be done through comparing with the portfolios formed based on modern portfolio theory. However, first, mutual interaction between the stock certificates and the level of this interaction is shown by preparing the covariance matrix of the stock certificates that are essential to the diversification composed of stock recommendations. Covariance matrix for the relevant stocks is shown in Table 18 . Table 18 . Covariance matrix of stocks
In Modern Portfolio Theory, investor's asset combinations with the lowest risk at different return levels are called effective portfolio. Each portfolio component above the active border shows either the components that provide risk minimization at a certain return level or provide return maximization at a certain risk level. In order to be able to comparatively evaluate the portfolio components formed based on the fuzzy TOPSIS method in terms of risk, return and performance trilogy, effective portfolio components with the same rate of return should be taken as basis. The active border curve that the efficient portfolio components of the stock shares formed according to the brokerage house's recommendations is based on is presented in Figure 3 . The results of the portfolio component shown in Table 12 among the portfolio components determined by the Fuzzy TOPSIS Method are acceptable in terms of risk, return, performance and other results. However, the same target return in terms of the relevant portfolio can be achieved via the efficient portfolio component in Table 19 based on the Markowitz model. When both portfolio components are compared, it can be seen that the portfolio component based on Markowitz model is more advantageous in terms of risk. However, in terms of Alpha coefficient, the return based on the risk taken seems satisfactory. In terms of market risk, the outlook that seems in favor of the Markowitz model can be interpreted as the effect of diversification based on the surplus of portfolio components. The results of the portfolio component shown in Table 12 among the portfolio components determined by the ijef.ccsenet.org
International Journal of Economics and Finance Vol. 9, No. 10; 2017 Fuzzy TOPSIS method are acceptable in terms of risk, return, performance and other results. However, the same target return in terms of the relevant portfolio can be achieved via the efficient portfolio component in Table 20 based on the Markowitz model. When both portfolio components are compared, the similarity between the portfolio components and the similarity between these components in terms of their significance in the portfolio are striking. Although the diversification intensity is higher in Markowitz model, the portfolio components composed of the same stock certificates reveals that the Fuzzy TOPSIS method is more applicable. However, it can be said that the portfolio results are in favor of Markowitz model. Among the portfolio components determined according to the Fuzzy TOPSIS Method, the results of the portfolio component in Table 12 seem acceptable in terms of risk, return, performance and other results. According to Markowitz model, the same target return can be achieved via the efficient portfolio component in Table 21 . When both portfolio components are compared; high explanatory power of the determination coefficient of the fuzzy TOPSIS portfolio component is striking. Although it points to an evaluation in favor of the method, the low portfolio risk based on the intensity of diversification in the Markowitz model portfolio component may be considered sufficient since the aim of the study is to reveal that the fuzzy TOPSIS method can be used rather than to compare the methods. According to Fuzzy TOPSIS Method, the results of the portfolio component shown in Table 12 are acceptable in terms of risk, return, performance and other results. The target return level of 0.1073% can be achieved in Markowitz model via the efficient portfolio component in Table 22 . While lower risk level of the Markowitz model based on diversification is observed in the comparison, higher explanatory power in terms of determination coefficient is in favor of fuzzy TOPSIS method portfolio component. Among the portfolio components determined based on the Fuzzy TOPSIS method, the return level in the portfolio component shown in Table 12 can be achieved through the efficient portfolio shown in Table 23 based on the Markowitz Model. Fuzzy TOPSIS portfolio component is acceptable in terms of its risk, return, performance and other results, and has a higher explanatory power than Markowitz in terms of determination coefficient. Diversification intensity is more intense in Markowitz portfolio component, and because of that, it carries a relatively lower risk. However, it is in favor of Fuzzy TOPSIS method, which has a higher determination coefficient in terms of the power to obtain the target return.
Overall Evaluation and Conclusion
As a result of the findings of this study which investigates the applicability of Fuzzy TOPSIS Method as an alternative method in optimal portfolio selection, it was found that portfolio components obtained according to the method are applicable based on their risk, return, performance and other results. Since the relatively lower risk at the same return level provided by the active portfolios determined according to Markowitz's Modern Portfolio Theory emphasizes the superiority of the method, its goal is not to compare the methods when deciding the optimal portfolio selection, and thus, the applicability of fuzzy TOPSIS method will not be altered. However, since fuzzy TOPSIS method is based on the linguistic evaluation of the decision makers, it is open for improvement based on the accumulation of knowledge of the decision makers about the decision criteria. It can also be said that the method requires improvement. This deficiency in the fuzzy TOPSIS method can be seen more clearly when the effect of the diversification in the portfolio components and the relatively lower risk in the Markowitz method are taken into account. However, it can be said that, in all the portfolio components calculated according to the method, higher explanatory power obtained by the magnitude of the determination coefficient and with the improvement devised towards diversification, more positive results that can be achieved.
